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Abstract – Through personal observations and a literature study we have made a synthesis
of the most ancient healed trephinations in Europe and in the Mediterranean basin. Cases of
small dimensions that were carried out with simple techniques are found in the Mesolithic
populations from North Africa, Ukraine and Portugal. The first Neolithic examples of
trephinations are extensive and have been realised with more sophisticated techniques. This
suggests that the development of agriculture was accompanied by the command of new
procedures in the field of surgery.  2001 Académie des sciences / Éditions scientifiques et
médicales Elsevier SAS
trephination / Neolithic / Mesolithic / North Africa / Ukraine / Portugal / Europa
Résumé – Ancienneté de la chirurgie crânienne en Europe et dans le Bassin méditerranéen.
À partir d’observations et de la littérature, nous avons effectué une synthèse des plus anciennes
trépanations cicatrisées en Europe et dans le Bassin méditerranéen. Des cas de trépanations de
petites dimensions et réalisées avec des techniques simples sont retrouvés dans les populations
mésolithiques de l’Afrique du Nord, de l’Ukraine et du Portugal. Les premiers exemples néolithiques
sont de vastes dimensions, réalisés avec des techniques plus complexes. Cela suggère que le
développement de l’agriculture s’est accompagné très tôt d’une maîtrise de gestes nouveaux dans le
domaine chirurgical.  2001 Académie des sciences / Éditions scientifiques et médicales Elsevier
SAS
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Version abrégée
1. Introduction
Les trépanations préhistoriques, reconnues depuis la fin
du 19e siècle [8], ont été retrouvées dans de nombreuses
régions du monde. En Europe et dans le Bassin méditer-
ranéen, la majorité d’entre elles est attribuable à la fin du
Néolithique et/ou au début de l’âge du Bronze. Bien que
certaines soient datées du Ve et au IVe millénaire BC, les
∗ Correspondence and reprints.
E-mail address: crubezyeric@wanadoo.fr (É. Crubézy).
origines de cette pratique restent inconnues. Ces dernières
années, plusieurs cas de trépanation ont été signalés parmi
les premières cultures néolithiques de l’Europe, tant dans
le courant danubien que méditerranéen, mais aussi dans le
Mésolithique de l’Ukraine.
2. Matériel et méthodes
Afin d’étudier les origines et la diffusion de cette pra-
tique, nous avons sélectionné les crânes présentant des
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signes incontestés de trépanation ou de grattage ou de tré-
panation incomplète provenant de sites dont les attribu-
tions culturelles et la datation sont clairement définies ou
ont été récemment revues. Les crânes du site de Concheiro
da Moita do Sebastião (Portugal) ont été examinés pour la
première fois dans cette optique et plusieurs crânes ont été
étudiés par les auteurs ; d’autres avaient été soigneusement
décrits, bien que, pour les trépanations incomplètes, la pru-
dence restât de rigueur. Le crâne de Pendimoun a été inclus
dans la mesure où les autres possibilités diagnostiques en-
visagées ne semblent pas pouvoir être retenues. Celui de
Jéricho a été écarté, la datation étant mal assurée.
3. Résultats
3.1. Les cas mésolithiques
Quatre cas datés d’environ 10 000 BP ont été recensés :
en Afrique du Nord (Taforalt), en Ukraine Vasiliyevka II,
n◦ 6462-20, Vasiliyevka II, n◦ 6285-9, et Vovnigi II,
n◦ 54. Par ailleurs, aux même dates, en Afrique du Nord,
quatre cas d’abrasion ou de trépanations incomplètes ont
été signalées. Un peu plus tardive, 6000 BC environ,
est la trépanation incomplète de Concheiro da Moita
do Sebastião (n◦ XLI) à Muge au Portugal. Un cas de
grattage a été signalé dans une population en cours de
sédentarisation à Zawi Chemi (Shanidar, Iraq). Toutes ces
trépanations sont de petites dimensions et ont été réalisées
par grattage et/ou par perçage.
3.2. Les plus vieux cas néolithiques
Les plus anciens sont ceux de Vedrovice en Moravie
(République tchèque) et de Pendimoun, sur la côte médi-
terranéenne, à la frontière franco-italienne. Vedrovice est
l’un des plus anciens sites de la céramique linéaire et il
présente d’étroites affinités mésolithiques. Le squelette de
Pendimoun est attribué à une phase précoce du Néolithique
ancien ouest-méditerranéen. Trois autres cas plus récents,
celui de Ensisheim et ceux de Trasano et de la Grotta Pa-
trizi sont sensiblement contemporains. Sur ces cinq crânes
trépanés, quatre présentent deux orifices ; les trépanations
sont vastes, elles sont toutes situées sur le trajet de sinus
veineux, ce qui en fait des interventions à risque. Les tech-
niques utilisées sont toujours complexes, avec toujours des
incisions plus ou moins associées à des abrasions, ce qui
fait que certaines controverses peuvent être considérées
comme dépassées. À Vedrovice, la cause de la trépanation
était un traumatisme très important et le choix des chirur-
giens fut particulièrement judicieux sur cette intervention à
risques.
4. Discussion et conclusions
Bien que la pratique de la trépanation soit absente de
certaines séries importantes du Mésolithique et du Néo-
lithique ancien, il est clair qu’elle existait déjà à ces pé-
riodes dans des endroits distants dans le temps et l’espace.
Les cas mésolithiques sont de petites dimensions et ont
été réalisés avec des techniques simples ; les plus vieux
cas néolithiques, tant du courant danubien que méditerra-
néen, sont de grandes dimensions et ont été réalisés avec
des techniques à risque par des chirurgiens qui pouvaient
faire preuve d’un grand professionnalisme. Dès lors, s’il
est actuellement difficile d’affirmer que cette pratique a
diffusé depuis le Moyen-Orient, on peut cependant sup-
poser un fond chirurgical commun aux populations rele-
vant des deux grands courants de néolithisation européen.
Comme pour l’émergence de l’agriculture, l’hypothèse de
liens étroits entre ces courants n’est donc pas à écarter,
d’autant plus que ceux-ci divergent à partir d’un noyau
commun en Europe du Sud-Est. Par ailleurs, cela suggère
que le développement de l’agriculture, en plus de modifica-
tions des techniques dans les domaines de l’économie et de
l’outillage, se soit aussi accompagné très tôt d’une maîtrise
de gestes nouveaux dans le domaine chirurgical.
1. Introduction
Prehistoric cranial trephination was demonstrated
at the end of the 19th century [8] and since then it
has been found in numerous populations throughout
the world [31, 39]. In Europe, and more generally in
the Mediterranean basin, this practice has been recog-
nized in hundreds of skulls [5, 9, 11, 12, 21, 33] dat-
ing from the Late Neolithic and Early Bronze Age
(around 2300 BC on the Mediterranean coast of west-
ern Europe). Also in Europe and in the Mediterranean
basin, some examples can be attributed to the 5th and
4th millennium BC [3, 5, 7, 15]. However, the ori-
gin and development of trephination remain largely
unclear and we do not know to what extent this prac-
tice, often considered as of magical and religious sig-
nificance [4], was accompanied by genuine knowl-
edge of the surgical treatment of patients. Recently,
Alt et al. [1] described double trephination in an in-
dividual from the burial ground at Ensisheim, Alsace,
France, dating from 5100 BC, which can be linked
with the linear pottery culture, which represented one
of the two major currents of Neolithic expansion in
Europe [41]. These authors present this as the oldest
known example in the world [25] and it bears wit-
ness to the high craftsmanship of the surgeon. Con-
sequently, the question arises as to whether this prac-
tice was invented by people of the linear ceramic cul-
ture in western Europe or whether, on the contrary,
it was much older. In fact, recent publications [6,
10, 16], taking into account findings from incontro-
vertible sites which are adequately dated and well-
documented but which have been omitted by some re-
searchers [4, 31], reveal the development of trephina-
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tion among the hunter-gatherers of North Africa [11]
and Ukraine [17] and then its simultaneous expan-
sion, in a highly skilled form, via the two main cur-
rents of the advance of Neolithic culture in Europe,
the Mediterranean and Danubian currents, of which
Ensisheim is merely one of the last outposts [25].
2. Material and methods
Trephination may be defined as the removal of a
piece of the skull of a living individual without pen-
etration of the underlying soft tissues [31]. We have
only studied examples that had healed. Under the term
of trephination, we have also taken into considera-
tion surgical treatment with scraping and sawing of
a multiple fracture of the cranial vault comprising a
depressed fracture. The term of scraping or incom-
plete trephination is understood as healed abrasion
of the vault, which did not reach the soft tissues. It
should however be noted that in the case of scrap-
ing, the diagnosis is much more difficult to affirm than
for sawing or drilling. Specially difficult is the differ-
ential diagnosis of cholesteatom or of an epidermoid
cyst subcutaneous (for these problems see Thillaud
1983 [40]). Three types of operative procedures have
been identified and analyzed [31]: scraping or abra-
sion, incision or sawing, and drilling. The other types
of procedure mentioned in the literature and relating
to more recent periods (boring and cutting, rectangu-
lar intersecting incisions) were not observed by us.
In order to study the origin and dissemination of
cranial trephination, we selected skulls showing clear
evidence of this procedure [27] or of scraping and in-
complete trephination [6] and originating from sites
which are adequately dated or whose cultural attribut-
ions are clearly defined [19]. The sample of Concheiro
da Moita do Sebastião in Portugal, has been stud-
ied for the first time in this perspective and some
other skulls have been studied by the authors of the
present paper [10]. The pathological features of the
samples from which these skulls originated have in
some instances been dealt with in detailed publica-
tions [10, 11, 14]. Some of these skulls have been
studied by the authors of the present paper [19]. Other
sites, which have perhaps yielded equally ancient ex-
amples of trephination but which have not been so
meticulously described, or whose cultural attribution
remains doubtful, are not reviewed here [28]. The ex-
ample of Pendimoun, France, has been taken into con-
sideration inasmuch as the other diagnostic possibili-
ties raised [6] cannot be endorsed. The cultural attri-
butions of the sites have been reviewed in the light of
recent work [19].
3. Results
3.1. Mesolithic examples
Several examples of trephination well before the
Neolithic period are known in populations of Epipa-
leolithic and Mesolithic hunter-gatherers (figure 1).
One of these at Taforalt (figure 2) in North Africa
shows healed trephination [11], as does another in
eastern Europe at Vasiliyevka III (figure 3), No. 6462-
20 [17], in the Dnieper rapids region of Ukraine.
These examples all date from around the same era,
about 10 000 BP. The other undoubted examples of
trephination, those of Vasiliyevka II, No. 6285-9 [17]
and of Vovnigi II, No. 54 [17] from the Ukraine, have
recently been cited [29]. In addition, at Taforalt there
was one example of abrasion and another skull had
undergone partial trephination, which did not pene-
trate to the inner table of the skull. Two more exam-
ples are known at another site, which is close both
in time and space, Afalou-bou-Rhumel [13]. How-
ever, in some cases we must be very careful for the
attribution according to the fact that some diagnosis
of partial trephination made by J. Dastugue on oth-
ers sites have sometimes be discussed [40]. We have
found one other Mesolithic example of partial trephi-
nation which seems to have been made by drilling in
the large Mesolithic sample of Concheiro da Moita
do Sebastião (skull XLI) in Muge, Portugal (figure 4)
around 6000 BC [22]. Somewhat other examples of
scraping are known in the Middle East at Zawi Chemi,
Shanidar, Iraq [14], where there are early signs of
a settled population. These examples of trephination
prior to the Neolithic period are of very small dimen-
sions and, like incomplete trephination, they were car-
ried out with drilling and/or abrasion techniques.
3.2. Early Neolithic examples
The oldest examples are those, all dating from
around the same era, which are linked with the Danu-
bian current (of which Ensisheim and the other skulls
from the French sites of the linear ceramic culture
merely represent the westernmost outpost) with other
examples from the Mediterranean axis. Among these
ancient examples may be mentioned those of Ve-
drovice in Moravia, Czech Republic [10] and Pendi-
moun on the Mediterranean coast in France [6]. Ve-
drovice is one of the oldest sites of the linear pottery
culture [36] and it still shows close affinities with the
Mesolithic period [26]. The skeleton from Pendimoun
can be attributed to an early phase of the early western
Mediterranean Neolithic period. At Vedrovice, trephi-
nation was done after an open cranial injury, which
had fractured and sunk the bone in at least two places.
The prehistoric surgeons had demarcated an exten-
sive area between the two large fragments and they
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Figure 1. Geographical distribution of the trephination sites: 1, Taforalt, Morocco [11]; 2, Afalou-bou-Rhummel, Algeria [13]; 3, Zawi Chemi, Irak
[14]; 4, Vasilyevka III, Ukraine [17]; 5, Vasilyevka II, Ukraine [17]; 6, Vovnigi Iin, Ukraine [18]; 7, Vedrovice, Czech Republic [10]; 8, Pendimoun,
France [6]; 9, Ensisheim, France [1]; 10, Trasano, Italy [16]; 11, Grotta Patrizi, Italy [16]; 12, Concheiro da Moita do Sebastião, Muge, Portugal.
Cultural attributions and datations: 1, Taforalt, Epipaleolithic, 11 900±240 BP [37, 38]; 2, Afalou-bou-Rhumel, Epipaleolithic [13]; 3, Zawi-Chemi,
10 870± 300 BP [14]; 4, Vasilyevka III, Epipaleolithic, 10 000 BP [23, 24]; 5, Vasilyevka II, Late Mesolithic, 8020–7620 BP [30]; 6, Vovnigi II,
Dnieper–Donec Neolithic culture, 5470–4783 BC [30]; 7, Vedrovice, ancient Danubian, LnK [26, 36]; 8, Pendimoun, ancient Mediterranean
Neolithic, 5570–5270 BC [6]; 9, Ensisheim, LnK, 6155± 39 BP [1]; 10, Trasano, Neolithic culture from Passo di Corvo-Catignano; ten datations
from 6330± 70 to 5910± 65 BP, around 5000 BC [16]; 11, Grotta Patrizi, Neolithic culture from Sasso, transition VIth–Vth millenium BC [16];
12, Concheiro da Moita do Sebastião, Muge, Portugal, Mesolithic around 6000 BC [22].
Figure 1. Distribution géographique des trépanations ; sites : 1, Taforalt, Maroc [11] ; 2, Afalou-bou-Rhummel, Algérie [13] ; 3, Zawi Chemi,
Irak, [14] ; 4, Vasilyevka III, Ukraine [17] ; 5, Vasilyevka II, Ukraine [17] ; 6, Vovnigi II, Ukraine [18] ; 7, Vedrovice, République tchèque [10] ;
8, Pendimoun France [6] ; 9, Ensisheim, France [1] ; 10, Trasano, Italie [16] ; 11, Grotta Patrizi, Italie [16] ; 12, Concheiro da Moita do
Sebastião, Muge, Portugal. Attributions culturelles et datations : 1, Taforalt, Épipaléolithique, 11 900± 240 BP [37, 38] ; 2, Afalou-bou-Rhumel,
Épipaléolithique [13] ; 3, Zawi-Chemi, 10 870±300 BP [14] ; 4, Vasilyevka III, Épipaléolithique, 10 000 BP [23, 24] ; 5, Vasilyevka II, Mésolithique
final, 8020–7620 BP [30] ; 6, Vovnigi II, Néolithique de la culture Dnieper–Donec, 5470–4783 BC [30] ; 7, Vedrovice, phase ancienne du
Danubien [26, 36] ; 8, Pendimoun, Néolithique ancien méditerranéen, 5570–5270 BC [6] ; 9, Ensisheim, LnK, 6155 ± 39 BP [1] ; 10, Trasano,
culture néolithique de Passo di Corvo-Catignano ; dix datations de 6330 ± 70 to 5910 ± 65 BP, soit aux alentours de 5000 BC [16] ; 11, Grotta
Patrizi, culture néolithique de Sasso, charnière VIe–Ve millénaire BC [16] ; 12, Concheiro da Moita do Sebastiao, Muge, Portugal, Mésolithique,
aux alentours de 6000 BC [22].
cautiously proceeded with scraping. Once the lesions
were well surrounded, the intervention was finally de-
marcated and adapted (bevel or vertical regularisa-
tion). This was a risky procedure where what counted
first and foremost was the rapidity of the intervention
and keeping damage to a minimum. The examples
from Ensisheim [1], Trasano and the Grotta Patrizi,
more recent, date from around the same period [16].
In these five examples from the Early Neolithic pe-
riod, the trephinations are extensive. They are all lo-
cated on the course of the venous sinus and were thus
risky procedures. The techniques that were used often
seem complex, always comprising incision and vary-
ing degrees of abrasion. Of the trephinations men-
tioned, Vedrovice is the only one that has a known
cause. Another skull from the European Middle Ne-
olithic period [16], No. 92 from Catignano, Pescara,
Italy, belonging to the same cultural group as that of
Trasano, shows signs of a surgical procedure, without
trephination, after injury. Pendimoun and Ensisheim
have both yielded an example of two extensive trephi-
nations on a single skull, and on the skeleton from
the Grotta Patrizi a second trephination was attempted
but shows no sign of healing. In fact, four out of five
skulls with trephination have two orifices. In the skull
with a single orifice (Trasano), it seems that the bone
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Figure 2. Taforalt Ia. Aperture of oval form (10.5 × 8.5 mm) on the
left parietal, at 45 mm from the lambda with a chamfered edge at the
expense of the external table with healing. The radiograph confirms
the absence of lesion of the internal table. These observations confirm
the trephination and the surviving of the subject. 1. General view.
2. Detailed view. Photograph from Dastugue [11].
Figure 2. Taforalt Ia. Orifice de forme ovalaire (10,5 × 8,5 mm)
siégant sur le pariétal gauche, à 45 mm en dehors du lambda, avec
un pourtour taillé en biseau aux dépens de la table externe. Les parois
sont faites d’os néoformé. Ces constatations, jointes à l’absence de
lésion de la table interne, confirmées par la radiographie, témoignent
de la trépanation. 1. Vue d’ensemble. 2. Vue de détail. Photo : d’après
Dastugue [11].
Figure 3. Epipaleolithic case from Vasiliyevka III grave 31, No. of
the catalogue MAE 6462-18, from Goikhman 1966 [17]. Orifice of
oval and conic form on the left parietal, around 17 mm from the
parieto-mastoidian suture. Dimensions 16 × 18 mm at the external
part and only 8.2 × 9.3 mm at the internal part. Photograph from
Goikhman [17].
Figure 3. Cas épi-paléolithique, de Vasiliyevka III, sépulture 31,
n◦ du catalogue MAE 6462-18, selon Goikhman 1966 [17]. Orifice
ovalaire et conique qui mesure 16 × 18 mm de côté externe et
seulement 8,2 × 9,3 mm de côté interne, localisé sur le pariétal
gauche ; il est situé à environ 17 mm au-dessus de la suture pariéto-
mastoïdienne. Photo : Goikhman [20].
flap that was removed was replaced in order to cover
the access to the hole. This has recently fuelled a con-
troversy [32, 35]. One of the arguments of those who
(mistakenly) reject this trephination is that ‘trepana-
tion at the bregma would in all likelihood be lethal
in that the patient would quickly succumb to bleed-
ing to the sagittal sinus’ [35]. In fact, all the other ex-
amples demonstrate on the contrary that even as far
back as the Early Neolithic period, cranial surgeons
had reached a high level of competence, including in
their operative choices!
Figure 4. Concheiro da Moita do Sebastião, Muge, Portugal. Skull
of an adult man with part of soil in it. It has been varnished after
its discovery. At the lateral part of the right frontal relief, irregular
area with a conic healed depression from 13 mm antero-posterior to
17 mm latero-medial of major diameter and around 10 mm of depth.
It does not seem that it penetrates to the inner part of the skull. It
is healed with traces of periosteal reaction not active at the moment
of the death. The conic depression is the result of a drilling that has
been realised from the lateral to the medial part on an area, may be a
traumatic one because it is irregular, which could have been scrapped
before the drilling. 1. General view. 2. Detailed view.
Figure 4. Concheiro da Moita do Sebastião, Muge, Portugal. Homme,
adulte. Le crâne, avec encore du sédiment à l’intérieur, a été verni
anciennement. À la partie latérale de la bosse frontale droite, zone
irrégulière, avec une dépression conique de 13 mm de diamètre
antéro-postérieur à 17 mm de diamètre latéro-médial et de presque
10 mm de profondeur. Elle ne pénètre apparemment pas dans
l’endocrâne. Elle est cicatrisée, avec des traces de réactions périostées
en phase non active. La dépression résulte d’un perçage réalisé
de la partie latérale vers la partie médiale et certainement précédé
d’un grattage sur une zone qui avait peut-être subi un traumatisme
irrégulier. 1. Vue d’ensemble. 2. Vue de détail.
4. Discussion
The practice of trephination appears in several
Mesolithic sites and is clearly present in the Early
Neolithic period in central Europe and the western
Mediterranean. However trephination is absent is
absent from samples of Mesolithic skeletons from the
Iron Gates [34] and of the first large series of Neolithic
skeletons, those of Catal Hüyük in Turkey [2] and of
Cyprus, although it may have been known in Jericho
from the 10th millennium.
5. Conclusions
The oldest examples of trephination (Mesolithic)
are small in size; they appear in populations of hunter-
gatherers distant from one another in time and in
space (North Africa, Ukraine, Portugal) and their
small area together with the very simple techniques
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used (drilling and/or abrasion) [9] could argue for au-
tonomous, unrelated centres. At the beginning of Ne-
olithic the cases are large and the practice trephination
shows a high degree of skill, implying that there was
already a long tradition of surgical experience. For ex-
ample, in the Danubian culture, at Vedrovice, the sur-
geons gave proof of great professionalism. Their in-
tervention was technically perfect and it is obvious
that they would have been able to carry out an ex-
tensive skull trephination like the two in the Pendi-
moun skull (76.1 × 43 mm and 73.5 × 66.2 mm) in
the Mediterranean culture. However, in such a context
of emergency, there was a likelihood that the patient
would die, so the procedure was adapted to the con-
dition of the patient. So, we may suppose there was
a common fund of surgical knowledge in the popula-
tions belonging to the two main currents of Neolithic
expansion in Europe. As with the emergence of agri-
culture [20], the hypothesis of close links between
these currents cannot be ruled out, especially as they
diverge from a common nucleus in south-eastern Eu-
rope. In addition, this suggests that the development
of agriculture was accompanied not only by changes
in techniques relating to implements and the economy
but also, very early on, by the command of new pro-
cedures in the field of surgery.
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